Introduction
One of the features characterizing the economy of Extremadura -an Objective 1
Region of the European Union (EU) located in SW Spain-is the major weight that farming activities have in its production structure. Their relative share in terms of total value added (12.6%) or employment (24%) is far greater than is the case for the Spanish economy as a whole (4.9% and 10.9%, respectively) 2 .
Clearly related to this fact is the enormous significance of the farm subsidies received by the agriculture sector in Extremadura. For example, the proportions of the value added of this sector and of the regional GDP represented by these subsidies are close to 18% and 2.5%, respectively. Apart from being large income injections for this sector, farm subsidies play an important role in fixing the population in rural areas and avoiding population movements towards urban zones 3 .
The principal objective of the present work is to study the dependence of the Extremadura economy on these farm subsidies. A straightforward way of quantifying this dependence is to simulate the removal of these grants and to determine the effects of this scenario. Furthermore, since farm subsidies are financed by the EU, a simulation of this nature would allow one to approximate the current real scenario which is characterized by the enlargement of the EU to 25 member states, which could well involve a reduction in the subsidies received by the Extremadura agriculture.
As a second exercise, we consider the maintenance of these farm subsidies, but its payment is taken over by the Regional Government -not EU, financing it by a 2 These percentages and the subsequent for subsidies are computed considering data for 1990. As it is noted below, statistical limitations are the reason for taking this year as reference for the analysis. More recent data again show a marked importance of the agriculture sector and farm subsidies in this region. 3 These effects are, however, excluded from the subsequent analysis. For the incorporation of effects deriving from population shifts, see, for example, Kehoe and Noyola (1991) . These two simulations produce changes that affect all economic sectors and agents in a significant way. It therefore seems necessary to use an analytical framework that includes all the inter-relationships and dependencies involved in the economy. In particular, we use a computable general equilibrium (CGE) model, with a level of disaggregation sufficient to allow the effects on individual agents and sectors to be captured, thereby going beyond the scope of aggregatetype macroeconomic models 4 .
The results of the first simulation clearly show the major negative effects that a hypothetical suppression of farm subsidies would have. For instance, a deterioration of economic activity is apparent in reduced sectoral activity levels, in increases in most of the prices considered, and in generalized welfare loses that are particularly marked for the higher income household groups.
The results of the second exercise, which include fiscal compensation via income tax, are different, especially in regard to the behaviour of prices. While there are greater welfare losses for the higher income households, the distortions in economic activity in this case are less than in the initial simulation.
The work is structured as follows. Section 2 describes in detail the model constructed for Extremadura. Section 3 gives a brief presentation of the social accounting matrix from which the model parameters are obtained. Section 4
analyzes the results of the two simulations. Finally, Section 5 presents the principal conclusions.
4 Different regional CGE models have been applied to agricultural economic issues; see Partridge and Rickman (1998) . On the other hand, various topics related to the Common Agricultural Policy have been analysed by means of CGE modelling; see, for example, Philippidis and Hubbard (2001 ), van Meijl and van Tongeren (2002 ), and Lips and Rieder (2005 . 
The model
The computable general equilibrium model constructed for the Extremadura economy -henceforth, CGEM-EXT-consists of a set of equations that reflect the equilibrium conditions and behaviour of the different agents, which in general terms are considered to be producers, households, the public sector, and the foreign sector.
With respect to the level of disaggregation, the model distinguishes 10 production sectors, 9 commodities, and 11 household groups (Figure 1 ). With respect to the government, it incorporates a broad disaggregation of taxation and transfers.
Finally, three foreign sectors are considered, corresponding to the rest of Spain (RS), European Community (EC), and rest of the world (RW).
[FIGURE 1]
Producers
The model assumes that each of the ten production sectors obtains a homogeneous product as output, employing a technology represented by a nested production function. At the first nesting level, the total production of each sector (Q j ) is obtained as a Cobb-Douglas aggregate of the domestic output (Qd j ) and the three external supplies, i.e., the imports from the three foreign sectors (Qrs j , Qec j and Qrw j ) 5 . In the second nesting level, the domestic production is obtained with a fixed coefficients technology between intermediate inputs (X ij ) and value added (VA j ). Lastly, in the third level, the value added is obtained using a Cobb-Douglas technology to combine the primary factors capital (K j ) and labour (L j ). The 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
In these equations Aj and j are scale parameters; d j , rs j , ec j and rw j are parameters that reflect the shares of domestic and imported production in the total production, normalized to sum to unity; the parameters a zj indicate the minimum amount of z needed to obtain a unit of j; v j is a parameter reflecting the value added technical coefficient; and j and (1-j ) are parameters representing the shares of the primary factors capital and labour with respect to the value added.
Finally, firms obtain their demands for inputs and supplies of outputs by maximising profits under these technological constraints.
Households
The utility function used for the different household groups is again a nested function, with two nesting levels in this case. In the first level, the utility is given as a CES function between an aggregate of consumption (Cag f ) and savings (S f ).
In the second level, the consumption aggregate is a new CES function defined over the 9 categories of commodities. The expressions used are:
In these equations, c f and hf represent the respective distribution parameters of the first and second CES functions; f and f are the substitution parameters; and C hf represents the consumption of commodity h by household group f. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49 
As usual, each consumer derives the consumption demands by maximising his utility function subject to his budget constraint.
Government
On the one hand, the government produces public services, using the technology of the production sector j 10 . On the other, it demands public services (public 6 As will be described in detail below, the model includes the possibility that not all the labour factor is employed. In this sense, u is an endogenous variable of the model that reflects the unemployment rate. 7 Unemployment benefits are determined endogenously as a function of the changes in the 
where G is an economic policy parameter representing a fixed proportion between the two.
The budget constraint on the government can be expressed in the following form:
The left-hand side of this expression represents this agent's expenditure in public consumption and investment. The right-hand side includes the total tax revenue 
Foreign sector
As was noted above, the model distinguishes three foreign sectors: rest of Spain (RS), European Community (EC), and rest of the world (RW). The treatment of these sectors is straightforward. Each one produces a different commerce good, using as inputs the exports from the Extremadura economy based on a fixed coefficients technology. As a consequence of this activity, and also considering transfers to the domestic agents, our economy can undergo into deficit with respect to the foreign sectors. These deficits must be materialized in savings of these foreign sectors in order to achieve macroeconomic equilibrium between savings and investment 8 .
Labour market
The model allows for the rigidities in the labour market, so that in equilibrium the unemployment rate may be positive 9 . In particular, we consider that workers offer the labour factor at a real wage rate that depends on the unemployment rate, but the adjustment is not enough to clear the labour market. This relationship between real wage and unemployment rate is expressed by the following equation:
where (w/cpi) represents the real wage rate in the economy; u is the unemployment rate; u 0 is a parameter representing the unemployment rate at the initial equilibrium; and d is a parameter that represents the sensitivity of the real wage rate with respect to the unemployment rate. 8 The model constructed for the Extremadura economy is static. In this sense, the treatment of investment and savings is relatively straightforward, since the model basically has to ensure that in equilibrium the aggregate savings are equal to the total investment of the economy. 9 The capital factor, however, is always fully employed. The simulations to be presented below use two different values of this parameter -d = 0 and d = 1.5 11 -representing therefore two labour market scenarios.
Equilibrium
The concept of equilibrium used in the model is that of Walrasian competitive equilibrium, incorporating the government and the foreign sector together with producers and consumers -households. In particular, equilibrium in the economy is determined by a prices vector, an activity levels vector, and a set of aggregate variables that allow all the markets to be emptied except for the labour market, as was noted above. Also, all the agents in the model attain their corresponding optimal choices under the respective budget constraint, i.e., they verify their optimization problem.
With respect to the model closure, we apply a mixed closure rule. Firstly, we opt to keep the public sector activity level fixed. The aim with this is to show the adjustment of this sector and of the economy as a whole when there was no 10 This aggregate specification for the labour market, similar to that used by Oswald (1982) , may be interpreted as a tattonoment process. For further details, see Manresa and Sancho (2005) . This specification has also been used in many of the CGE models developed for the Spanish economy. See, for example, Kehoe et al. (1989) and Polo and Sancho (1993) . 11 For the specification represented by Equation (10), this latter value of the parameter is sufficiently high, and yields results that do not differ greatly from those obtained for a value d = . 
Model parameters and social accounting matrix for Extremadura
Model parameters have been obtained by means of the usual calibration procedure, for which we required a social accounting matrix (SAM) for the Extremadura economy. In general terms, these matrices may be conceived of as an extension of the traditional input-output tables, since, together with transactions linked with the productive sphere, they also incorporate disaggregated information on expenditures and income of households, the government, and the foreign sector.
The calibration basically consists in assuming that the SAM represents an initial equilibrium of the economy, i.e., it involves determining the values of the parameters that satisfy this property. Furthermore, in this benchmark equilibrium, the units of measurement are taken to be such that all the prices and activity levels are unitary 12 .
In our case, it is possible to obtain practically the entirety of the model parameters by calibration 13 . It is only necessary to get external estimates of the elasticities of substitution in the CES consumption functions. To this end we use information relative to the Spanish economy as a whole (López-Salido, 1993 ).
The Extremadura matrix, used as the basis for the calibration, is for 1990, so that 12 For further details, see Mansur and Whalley (1984) . 13 The values of the tax rates used in the model are also obtained by calibration, using the tax revenues data included in the social accounting matrix for Extremadura. These are therefore effective tax rates, and not nominal rates. Figure 1 , the SAM-Extremadura-1990 also includes the aforementioned three foreign sectors, an aggregate capital account or savings/investment account, two accounts for the labour and capital factors, and the broad disaggregation of taxes considered in the model.
Simulations and analysis of results
Having constructed the model and determined the benchmark equilibrium, we perform various simulations focused on farm subsidies. In particular, we perform the two simulation exercises that will be described in the following.
Firstly, we establish an extreme scenario consisting of a hypothetical total removal of these subsidies, without modifying any other tax or transfer. The goal is to give a clear picture of the Extremadura economy's dependence on these subsidies, by quantifying the negative effects that their absence would have on the principal economic variables.
Although in practice such a wide-reaching modification does not seem likely, with this simulation we also want to highlight the uncertainty that exists with regard to the future of the subsidies received by the Extremadura agriculture. There contribute to this uncertainty, for example, the recent enlargement of the 14 Indeed, this is the only social accounting matrix that has been constructed for the Extremadura economy. For further details, see De Miguel et al. (1998) and De Miguel (2003) . Secondly, we perform a simulation including fiscal compensation via the income tax. In particular, in this second exercise the Regional Government is assumed to replace the foreign European Community sector as the agent financing farm subsidies, although, in order to maintain tax revenues constant, income tax rates are increased linearly. There are basically two reasons for using this tax to provide the fiscal compensation: its importance for the overall fiscal system in Spain, and because Spain's regional governments have a certain capacity to modify it.
The goal of this second simulation is to illustrate an alternative measure of economic policy that would buffer the negative effects observed in the first
simulation. This exercise also shows the m ajor consequences that the hypothetical regional government's maintenance of these subsidies would have for this economy, in a scenario characterized by a greater direct fiscal pressure on households 15 .
Before going on to the results, we must note that the great quantity of information yielded by the model needs to be presented synthetically. The results of the two simulations will therefore be discussed in terms of three major blocks of variables -prices, activity levels, and household welfare.
Removal of farm subsidies
With respect to the first simulation, Table 1 Beginning with production prices, one observes that, in general terms, the removal 15 Other simulations might include different fiscal compensation schemes. For example, together with the total removal of farm subsidies, one could consider a simultaneous increase in the taxation applied to the farming sector itself. A good candidate would be employer´s social contributions, since these constitute an especially important fiscal load for the Spanish economy as a whole. There are various sectors -basically services-that present small declines in production prices, due to the modification in factor prices caused by the elimination of subsidies. In this sense, in both scenarios there is a fall in the capital factor price (r), which is sharper for the greater wage rate rigidity 16 . It is important to note that, in all the simulations, the wage rate (w) remains constant due to it is used as numeraire of the model 17 .
Consumption prices also undergo a generalized rise. Again this is especially so for the commodities most closely linked to agriculture (food and non-alcoholic beverages, h 1 ; alcoholic beverages and tobacco, h 2 ). The consumption price index cpi presents percentage increments between 1% and 2.5%, approximately.
[ 16 This reduction in return on capital factor is determined by a decrease in capital demand respect to its supply -that remains fixed.
17 Therefore, all the price variations commented on in the paper actually represent relative variations, expressed in relation to this numeraire. Returning to the production sectors, one observes two clear exceptions to the above behaviour -chemicals and mining (j 3 ) and, above all, construction (j 6 ).
These are sectors whose production is to a great degree investment-oriented, and are given an impulse by the rise in investment activity that takes place in this case 19 . Nevertheless, the general decline in sectoral activity levels causes a reduction in factor demand, leading to an increase of more than 1 percentage point in the unemployment rate with respect to the initial equilibrium 20 .
Finally, for most production sectors -except agriculture-the simulation also causes a fall in imports from the three foreign sectors. Given the closure rule employed, this leads to a reduction in their corresponding activity levels 21 .
[ Table 3 gives the results for the changes caused by the removal of farm subsidies in the household groups' welfare. In order to obtain a monetary valuation of these changes, the equivalent variations (EV) are calculated.
One observes that the equivalent variations are negative in sign in practically all 18 The activity level of public services (j 10 ) remains constant due to the model closure rule.
19 Given the characteristics of the present model, the investment of the economy is determined by savings. In this simulation, there is a notable rise in aggregate savings. This is basically due to the increase in the European Community foreign sector savings from halting subsidies to farming activities. 20 Given the labour market specification, changes in the unemployment rate only refer to the scenario which involves wage rate rigidity -d = 1.5. As was noted above, in the case of absolute wage rate flexibility -d = 0-the unemployment rate remains constant. 21 Particularly striking is the major reduction in the activity level for the rest of the world foreign sector. The reason is that the level of the Extremadura economy's exports to this foreign sector is very low in the initial equilibrium. So, to maintain the trade balance constant, a small alteration in The greatest equivalent variations (in absolute value) correspond to the household groups f 7 , f 6 , f 5 and f 2 , i.e., the high income groups experience the greatest welfare losses. These household groups present a notable share of capital factor incomes in their respective income structures, so they are the more affected by the reduction in return on this factor.
[ 
Farm subsidies and compensation with a linear increase in income tax
The second simulation assumes that the Regional Government takes up the payment of farm subsidies that were initially financed by the European Community foreign sector. In order to cover them and maintain total tax revenue constant, the government simultaneously imposes a linear increase in income tax rates.
The results in this case present major differences from those of the initial simulation. This is clearest in the behaviour of relative prices (Table 4) . There is a fall in all the production and consumption prices, in the price of savings/investment, and in the three average prices of imported products.
imports from this foreign sector is translated into relatively large variations in its activity level. 22 There is a single household group whose welfare improves, albeit very slightly. This is the group f 3 in the scenario corresponding to d = 1.5. In this scenario, this group has a small reduction in factor income, but its unemployment benefits are clearly greater than those of the initial equilibrium. Furthermore, for each labour market scenario, there is little difference in the changes in production prices and consumption prices between the different sectors. The explanation is that the change imposed does not initially affect production structures, but instead is basically a change in demand.
[ Table 5 presents the results for the changes in activity levels. There is a decline in the production sector levels, although generally far less pronounced than in the first simulation. Again, chemicals and mining (j 3 ) and construction (j 6 ) are exceptions to the general pattern. There is also a fall in the activity levels Y h , reflecting a reduction in consumption demand -these falls are fairly similar for the different commodities, and are in general also less than in the first simulation.
Finally, there are slight declines in the activity levels of the three foreign sectors, reflecting a minor reduction in imported products.
[TABLA 5] 23 It is important to bear in mind that, unlike the first simulation, in this second exercise farming activities do receive the corresponding subsidies. The welfare effects for the different household groups are presented in Table 6 .
One observes that in all cases there again occur welfare losses. The equivalent variations clearly show the group f 7 to be the worst affected, that is to say, the non-farming group with the highest incomes, and that supports the highest income tax rate. This result is similar to that obtained in the previous simulation, although it is now far more accentuated.
[ To conclude the analysis, we present a brief comparison between the two previous simulations. This comparison shows whether, in the case that the European Community foreign sector stops subsidizing farming activities, the maintenance of these subsidies by the Regional Government financing them by a surcharge on income tax would be an appropriate measure of economic policy 24 . In general terms, the results seem to indicate that, if the Extremadura households are willing to support this greater direct fiscal load, the maintenance of these farm subsidies would indeed generate smaller distortions on this economy than their removal.
By way of example, it was already noted above that the reductions in activity levels in this second simulation are clearly less than those in the first exercise.
Indeed, in contrast to the rise in unemployment rate in the first simulation, in the second exercise this rate falls by 0.4 percentage points. No such clear conclusion could be drawn, however, with respect to the welfare of the different household groups. Although, compared to the initial simulation, there are smaller welfare losses in the second simulation for most groups, there are various exceptions to this general pattern (see the household groups f 7 to f 11 ). 24 The variable representing this linear increase in income tax rates is close to 30% in both labour 
Conclusions
The enormous importance of farm subsidies for the Extremadura economy leads us to study the dependence and the economic impact of different scenarios involving the elimination of these subsidies.
The modelling framework chosen for the simulations includes a full incorporation of the interdependences between the different economic agents. In particular, we use a static computable general equilibrium model, which captures the changes in the allocation of resources and the importance of the effects that are produced. It is important to emphasize the utility of this analytical framework for economic policy simulations, since it allows one to observe the micro and macroeconomic effects that result from different policy decisions.
The first exercise that is carried out brings out this relationship of dependence very clearly. This simulation corresponds to an extreme scenario consisting of the total removal of the subsidies. The resulting negative effects on the Extremadura economy are primarily evident in a notable reduction in the welfare levels of practically all the household groups, especially in the groups whose income depends to a major degree on the capital factor. There is also a generalized reduction in the different activity levels, and rises in most of prices -relative to wages-considered, with the sharpest changes for the sectors and commodities more linked to agriculture.
On the basis of this first exercise, the second simulation corresponds to a possible alternative fiscal policy aimed at mitigating the above negative effects. In particular, this second simulation considers that the farm subsidies are maintained by the Regional Government, which finances them by an increased fiscal pressure through income tax rates. Although in this simulation the welfare losses for the market scenarios. higher income tax rate households are reinforced, the distortions caused to Extremadura economic activity in general seem to be less than in the initial simulation.
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